Abstract. This paper presents an Ambient Intelligence based architecture model that uses intelligent hybrid agents with the ability to obtain automatic and real time information about the context using a set of technologies, such as radio frequency identification, wireless networks and wireless control devices, which can be implemented on a wide diversity of dynamic environments.
Introduction
Agents and multi-agent systems (MAS) have become increasingly relevant for developing distributed and dynamic open systems, as well as the use of context aware technologies that allow those systems to obtain information about the environment. This paper is focused on describing the main characteristics of an Ambient Intelligence based architecture which integrates deliberative BDI (Believe, Desire, Intention) agents that employ Radio Frequency Identification, wireless networks, and automation devices to provide automatic and real time information about the environment, and allow the users to interact with their surroundings, controlling and managing physical services (i.e. heating, lights, switches, etc.). These context aware agents collaborate with hybrid agents that use Case-Based Reasoning (CBR) and Case-Based Planning (CBP) as reasoning mechanisms as a way to implement adaptive systems on automated dynamic environments.
A hybrid CBR-BDI agent [5] uses Case-Based Reasoning as a reasoning mechanism, which allows it to learn from initial knowledge, to interact autonomously with the environment as well as with users and other agents within the system, and to have a large capacity for adaptation to the needs of its surroundings. We shall refer to the hybrid CBR-BDI agents specialized in generating plans as hybrid CBP-BDI agents. BDI agents can be implemented by using different tools, such as Jadex [14] . Jadex agents deal with the concepts of beliefs, goals and plans; they are java objects that can be created and handled within the agent at execution time.
The architecture is founded on Ambient Intelligence (AmI) environments, characterized by their ubiquity, transparency and intelligence. Ambient Intelligence proposes a new way to interact between people and technology, where this last one is adapted to individuals and their context, showing a vision where people are surrounded by intelligent interfaces merged in daily life objects [8] , creating a computing-capable environment with intelligent communication and processing to the service of people by means of a simple, natural, and effortless human-system interaction for users [16] , reason why to develop intelligent and intuitive systems and interfaces, capable to recognize and respond to the users necessities in a ubiquous way [7] , considering people in the centre of the development [17] , and creating technologically complex environments in medical, domestic, academic, etc. fields. [20] . Agents in this context must be able to respond to events, take the initiative according to their goals, communicate with other agents, interact with users, and make use of past experiences to find the best plans to achieve goals.
Next, the main characteristics of the architecture are explained, focusing on the context aware agents and the technologies integrated to them.
Hybrid Reasoning and Planning Agents
All agents in this development are based on the BDI (Belief, Desire, Intention) deliberative architecture model [3] , where the internal structure and capabilities of the agents are based on mental aptitudes, using beliefs, desires and intentions. We have implemented hybrid agents which integrates CBR systems [1] as a deliberative mechanism within BDI agents, facilitating learning and adaptation and providing a greater degree of autonomy than pure BDI architecture. CBR is a type of reasoning based on the use of past experiences [12] to solve new problems by adapting solutions that have been used to solve similar problems in the past, and learn from each new experience. To introduce a CBR motor into a deliberative BDI agent it is necessary to represent the cases used in a CBR system by means of beliefs, desires and intentions, and then implement a CBR cycle to process them.
The primary concept when working with CBR systems is the concept of case, which is described as a past experience composed of three elements: an initial state or problem description that is represented as a belief; a solution, that provides the sequence of actions carried out in order to solve the problem; and a final state that is represented as a set of goals. CBR manages cases (past experiences) to solve new problems. The way cases are managed is known as the CBR cycle, and consists of four sequential phases: retrieve, reuse, revise and retain. The retrieve phase starts when a new problem description is received. Similarity algorithms are applied in order to retrieve from the cases memory the cases with a problem description more similar to the current one. Once the most similar cases have been retrieved, the reuse phase begins, adapting the solutions for the retrieved cases to obtain the best solution for the current case. The revise phase consists of an expert revision of the solution proposed. Finally, the retain phase allows the system to learn from the experiences obtained in the three previous phases and consequently updates the cases memory. The retrieve and reuse phases are implemented through FYDPS [11] neural networks which allow the agent to recover similar cases from the cases memory and to adapt their solutions using supervised learning, in order to obtain a new optimal solution. The incorporation of these neural networks in the reasoning/planning mechanism reinforces the hybrid characteristics of the agent.
